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a>MPLETE SPECIFICATION 

Improvements in oir relating to Elastomer-coated fabrics 

We, E. L Du PoOT DB Nemours and Com- with a polytetrafiuoroethyleae fabric, the pro- 

PANY, a Goffporatioii organised and existing diuct is uneconomical and the coating does not 

under the Laws of the State of Delaware, adhere weU to the fabric; in addition, the 

United States of America, of Wilmington 98, high tempeiature tensile strength is poor. 

5 State of Delaware, United States of America, If coatings of other heat resistant dasto- 30 
do hereby declare the invenid<Hi, for whkh sners are appllied to glass fabric in attampits 
we pray jhat a patent may be granted to us, to anake a suitable j^oduct, the coated fabric 
and the method by whidi it is to be per- in each case is inferior to a vinylidene fluoride- 
foamed, to be particularly desaibed in aid hexafluoropK^ene elastxuner coated f»?oduct 

10 by the following statement:^ in either heat stability or resistance to chemi- S5 

T\as invoition relate to dastomer^oated cals and solvents or both. Exsmiples of 

fabrics which are serviceable at elevated tern- these odier elastomers are silicone rubber, 

perapures, and ixMxre particularly to a fluorm- flnioianated silicone rubber, vinylidene fiuoride- 

ated elastomer coated fabric and a method chlorotrifluoroethylene copolymer and fliuoian- 

15 of making it. aled butyl acrylate. 60 
In the manufacture of modem aircraft there The principal ohject of this invention is to 

is need for a durable sheet anatetral having provide an improved dastomer coated fabric 

rubber-like flexibility, good resistance to fads characterised by exceptionally high resistance 

and lubricants, and extraordinary heat sta- to chemicals, solvents and cracking oipm flex- 

20 biHiy. The rapidly expanding guided mis- ing, and resfistant to series loss of strength 65 

sile industry is also demanding a mbber-like after exposiure to temperatures up to about 

sheet (material which remains strong and 500° F. for extended periods. Another 

flexible during and after use at temperatures object is to provide a metl»d for making sudi 

up to aboiut SOO'' F. This material is needed a product. 

25 for making such items as fud cells, gaskets Heat stable coated fabrics according to the 70 

and diaphiagms, and must therefore have present invention comfmse an aromatic poly- 

e^eptional <iemical resistance as wdl as heat amide fabric having a coating as hereinbefore 

stabflity. defined consisting essentially of a cured co- 

Among known flexible sheet materials, cer- polymer containing 30 to 70% by weight of 

30 tain dastomer coated fabrics come the dosest vinyHdene fluoride and 70 to 30% by wdght 71 

to satisfying the abovenmentioned require- of hexafluoropropene, the aromatic polyamdde 

ments. But even «the best of these are deBci- of said fabric being a polymer made up 

ent in at least one important property, e.g. mainly or substantially whoJly of the &truc- 

heat stability, flexibility, solvent resis.tance, or tural units 

S5 chemical resistance. For example, when a H H O O 

heat resistant fabric such as glass fabric is I | || || 

coated with an dastomeric copolymer of vinyl- — N — ^Ari — ^N — C — ^Ara — C — 80 

ddene fluoride and hexafluoropropene, tiie wherein Ar, and Ar2 are the same or differ- 

heat resistance of the product is unsatisfac- ent divalent aromatic radicals in which the 

40 tory, as evidenced by a scries loss in tensile diain-expending bonds are attached to non- 

and tear strengths when exposed to a tern- adjacent carbon atoms in an aromatic ring, and 

perature of 500'' F. for 5 days. When a having an inherent viscosity {measured as 85 

high quality polyethylene terephthalaie fab- hereinafter defined) of at least 0.8 and a mdt- 

ric is suibstituted for the glass fabric, the pro- ing point of at l^t 300** C The substim- 

45 duct has even less heat stability. Whaiimade ents, M any, are lower alkyl, lower alkoxy. 
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halogen, rdtxo, lower carbaJkoxy, or other 
groups which do not fonn a ipolysEmide link 
dunng the polymedsation. If two or more 
su^titaeats are pr^ent, they may be the 

5 same or different. The aromadc polyamides 
described anay be preparoi in accordance 
with the procedure described in the specifica- 
tion of amending Application No. 6536/58 
(Serial No. 871,581). 

iO The invention includes also the method of 
making a heat stable coated fabric, which 
comprises coating an aroonatic polyamide fab- 
ric with a composition consisting ^entially 
of a copolymer containing 30 to 70% by 

15 weight of vinylidene fluoride and 70 to 30% 
by weight of hexafluoropropene and a curing 
agent, and heating die coated fabric at a tem- 
porature of at least 350** F. for a period of 
time stifficient to cure the said composition, 

20 the aromatic polyamide of the fabric being a 
polymer made up mainly or substandaHy 
wholly of lie structural units 

H HO O 

I I II II 

^N— Ar,— N— C— Arr-C— ^ 
wherein Ari and Arg arc the same or different 

25 divalent aromatic radicals in which the chain- 
extending bonds are atteched to non-adjacent 
carbon atoms in an aromatic ring, and 'having 
an inherent viscosity (measured as herein- 
after dei&ned) of at least 0.8 and a aneking 

30 point of at least 300** G 

The .term "coating", as lused throughout 
the specification and claims, means that the 
copolymer composition is present within the 
interstices or on tiic suxface of 'the fabric or 

55 iboth; die invention thus contemplates impreg- 
nated as wdl as siscface coated fabiics. 

The ixil^cent viscosity is determined in sul- 
phuric acid (sp. gr. 1.841 at 60** F.) at 3Q** G 
at a concentration of. 0.5 gram polymer per 

40 100 cc. of solution. Melting point is deter- 
mined by conventional prot^ures such as 
are described in " The Systematic IdentiSca- 
tion of Organic Compounds", pages 85 — 87, 
by R. L. Sdmner and R. E. Fuson (John 

45 Wiley and Sons, N.Y., third edition, 1940). 
The fabrics which are preferred for use in 
accordance 'with the invention are made 
imainly or wholly from filaments or fibres of 
poly(m-phanylene isophthalamide). Other 

50 aromatic polyamides may be oised, bowever, 
including poly(4-methyl-m-^henylene iso- 
phtiialamide), poly(bis-4-phenylaie) methane 
isophthalamide and poly{m-phenylene chloro-" 
isophthalamide). Fibres formed from the 

55 reaction product obtained by reacting a solu- 
tion of bis(4-aminophenyl) sulphone and dl- 
ethylaniline dissolved in dnnetiiyl tetramethyl- 
ene sulphone with a solution of isophthaloyl 
chloride dissolved in dimethyl tetramethylene 

60 sulphone, prepared as described in Example 
XXIV of .the specification of copending Appli- 
cation No. 6636/58 (Serial No. 871,581), are 
also useful in making fabrics to *be used in 



accordance with the invention. Non-woven 
fabrics or felts can be used as well as woven 65 
and knitted constructions as the substrate for 
the coating. Other 1^ xesbtant fibres oi 
filaments can also be incorporated as a min- 
ority component in the &biic structure, such 
as polytetrafiuoioelhyleney g^ass, asbestos and 70 
m^ fibres. The preferred constDucdons, 
however, cor^t wholly of the heat resistant 
polyamides. 

The copolymers used in making the elasto- 
mer coating composition may be prepared by 75 
oopolymerising about 60 to 15 parts by weight 
of vinylidene fluoride with about 40 to .85 
parts by weight of hexafluoropropene under 
autogenous pressure at a temperature of about 
85 to 100"* C, preferably in the presence of 80 
a polymerisation initiator. The product >f 
this reaction is an dastomeric copolymer con- 
taining about 70 to 30% by weight of vinyl- 
idene fluoride units and about 30 to 70% by 
weight of hexafluoropropene units. These 85 
copolymers, and the method of preparing 
them, are described and claimed in Specifica- 
tion No. 789,786. 

• The essential components of the coating 
•composition are the above-describsd copoly- 90 
mer and a cueing agent. The latter may be 
any curing agent capable of bringing about 
•complete cure of the copolymer during a 
reasonable heating cycle. The proportion ot 
•curing agent is not critical. Benzoyl per- 95 
oxide, dioumyl peroxide, and hexamethylene 
diamine carbamate are preferred curing 
agents. 

The coating composition can with advantage 
contam a curing activator e.g. zinc oxide, di- 100 
basic lead phosphite, magnesium oxide, litii- 
arge or tribasic lead maleate. It may also 
ojntain a filler, e.g. liydra>ted silica, day, nnca 
or calcium carbonate, and/or other wdl known 
additives, such as release agents, pigments, 105 
and plasticisers. 

Any desired thickness of coating can be 
applied to one or both sides of tiEe fabric, 
employing any suitable method known in the 
art, e.g. calendering, docjor knife coating, dip^ 110 
ping, extruding, or laminating preformed 
films of the coating composition to the heat 
resistant fabric by means of heat and pressure. 

The coating composition on the fabric may 
be cured by heating at a temperature of at 115 
least 350^ F: for a sufficient period of time 
to render it substantially insoluble when im- 
mersed' In methyl ethyl ketone at 80° F. for 
24 hours. It is preferred to iaclude in the 
curing operation a brirf initial pressing cycle 120 
at a temperature of about 320 to 340" F. and 
a pressure of about 40 to 70 psi. 

A surprising advantage of the coated fab- 
rics of this invention over those of the prior 
art is their CTceptional retention of strength 125 
and flexibility mter prolonged exposure at 
temperatures up to abOiUt 500° F^ and even 
higher. Th^ are even useful for licoited 
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periods at about 600** F. Another advantage bags for vaciciim lamination and conveyor bdt- 

ib thdr let^tion of these strengdi properties ing. 

whale at these devated temperatures. Another The following examples illustrate the inven- 

particular advantage is their excellent rraist- tion. " Pam and proportions are by 20 

5 ance to deterioration and attack by solvents weight 
and chemicals which ddeteriousiy alffect most 

of the prior art organic coating compositicms. ExAMPi^ I 

Further advantages are their rubber-like flead- A heat resistant aromatic polyamide fabric 

ibility and flex resistance, and the case with as woven from 160 denier/50 filament yam 

10 which they can be made. made from continuous filamaiis of a high 25 

Tbere are nnamerous uses for a material imolecudar weight polymer identified as 

having such a unique combination of proper- poly(m^henylene isophthalamide). The 

ties as the products of this invention. In yam las a toaacity of 3.9 grams per denier, 

addition to the previously mentioned «Kes in an doagation value of 45%, and^ a modulus 

15 the aiicrrft and guided missile industries ^be of 70 grams per denier. Specifications of 30 

new materials are us^ul for maldng curing the fabnc ate as follows: — 

Thickness -------5 mk 

Width ------- 14 inches 

Wdgjit ------- 2.6 02S. per sq. yd. 

35 Weave ------- Plain {one over one) 

Thread count ------ 62x61 per inch (warp & wrft) 

Tensile strength ----- 27.8 lb. per in. in both directions 

at 25% elongation (Method 
5100*) 

40 Tongue tear strength - - - - 19.0 lb. in hosix directions (Method 

5134*) 

♦Methods according to Federal Spec. CCC— T— 19 Ib.^ 
"Textile Test Methods" dated May 15, 1951. 

A coating composition comprising a fluoirin- to 60 psi and a platen temperature <rf 330° F. 

45 ated dastomer is prepared in 3 stages as The pressed and partially cured material is 

follows: — then transferred to an oven, where the tern- 80 

Ficst stage : A soncalled " miM mix form- perature is gradually raised over a 2 hour 

dated as indicated bdow, is thoioi^bly period to 400^ F. to allow any residual vola- 

blended on a 2-roll rubber ndU:— tile ooanponenics to escape without causing 

50 Parts blisiteis in the coating. After the 2 hour 

Ekstomeric reaction product of 50 period, the coaited fabric is heated with an 85 

pacts vinylidene fluoride and 50 aanbient temperature of 400° F. for 24 hours, 

parts hesafluoropropene - - 250 thus completing the elastomer curing cyde. 
Zinc oxide ----- 25 The fully cured elastomer coated feibric of 

55 I>ibasic lead phosphite (Dyphos) - 25 this example has a tensile strength of 68X75 

Hydrated silica 03i-Sil 303) - - 50 lb. per an. (warp X weft), when tested in 90 

accoidance with Method 5102 of Fed, Spec* 

350 CCC-T— 19 lb., dated May 15, 1951. Mter 

*' Hir-Sil " is a Registered Trade Mark. 5 days of exposure to an ambient temperature 

Second Stage: With a mild agitation, 350 of 500'' F., the tensile strength of the pro- 

60 parts of tiie above blended mill mix axe dis- duct is substantially unchanged. 95 

solved in 345 parts of methyl ethyl ketone to The tear strengdi (trapezoid) of the pro- 

mstke 695 parts of solution.. duct of this example is initially 4.8X2.5 lb. 

Third Stage: Fifteen parts* of benzoyl per- (waipXweft) when tested by Method 5136 

oxide dissolved in 90 parts of toluol are of Fed. Spec. CCX^T — 19 lb., dated May 

65 mixed with the above solution, making a total 15, 1951. After the product has been heated 100 

of 800 parts of coating composition. for 5 days at an ambient temperature of 500** 

Employing a doctor knife, four coats of die F., it still has over 75% of its original tear 

above described dastomeric coating oompo- strength. 

sition are applied to each -side of the above When a glass fabric is ccmted in the same 
70 descr&ed polyamide fabric, with forced drying manner and with the same composition, the 105 
after each coat to remove most of the volatile resulting product loses over 50% of its ten- 
components. The coated fabric, about 14 sile strength and retains only 15 to 30% of 
mils thick and substantidly dry, is dusted on its tear strength after bemg subjected to an 
botii sides with " Seredte " mica to mmimise ambient temperature of 500° F. for 5 days. 
75 surface tadc. " Serecite" k a Registered The new coated fabric produced in accord- HO 
Trade Mark. The coated fabric is press ance with this example is thus characterised 
cured for 10 minutes omder a pressure of 50 by a totally unesqpected and extraoiKUnafj^ 
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degree of heat stability. Even while the 
product is at the devated temperature (500^ 
F.), it has good tensile and tear properties. 
The rubber-like flexibility and durability 

5 of this product are substantially -unchanged 
af ter 24 hours of immersion at 80^ F. in any 
<me of the following solvents and chemicals : 
gasoline^ benzene, diester oil, S.A.E, 20 motor 
oil, 10% sodium hydroxide and concentratol 

10 sulphuric acid. 

The product of diis example is a pairica* 
larly useful psker and diaphiagfm material for 
bigh speed aircraft. 

Example H 
A satin-weave aromatic polyamide fabric 
is made from 290 denier/lSo filament yam, 
which is constructed of continuous filaments 
of the hi^ molecular weight aromatic poly- 
amide known as poly(m-^henylene isophthal- 

2^ amide). Hie construction of (the fsSsric is 
60x55 (threads per inch in warp and weft). 

Four coats of the composition described in 
Example I are applied to the above fabric 
by altraiately dipping it in the dastomer solu- 

*^ tion and evaporating the solvents. On curing 
ihe coated fdjric according to the press and 
oven procedure of Example I, a flexible and 
durable product is obtained which has the 
same outstanding heat stability and resistance 

^ to solvents and chemicals as the product of 
that example. 

The product is useful for making flexible, 
heat resistant cells for storing guided missile 
fuels. 

Example ni 
The following fluorinated elastomer coating 
composition is prepared by first mixing the 
first five ingredients on a rubber mill, and 
then blending this mixtuie with the solvents 
40 in which the carbamate curing agent has pre* 
viously been dissolved:— 

Faxjs 

Elastomeric reaction produa of 
50 parts of vinylidene fluoride 

45 and 50 parts hexafliuoropropene 33.74 
Zinc oxide ----- 3.71 
Carbon black - . - - - 16,87 
Leadstearate ----- 034 
Hexamethylene diamine carb- 

50 amate 0.34 

Toluol - - - ~ - 22.50 
Metiiyl isobutyl ketone - - 22.50 

100.00 

Example I is then repeated, except for the 
55 substitution of the aibove describal coating 
composition, with substantially the same 
results. 

Example IV 
The following coating composition is pre- 
€0 pared: — 
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Calender Coating Composition 

Fants 

Elastomeric reaction product of 

50 parts vinylidene fluoride and 

50 pants hexafluoropropene - 100.0 65 
Zinc oxide lo.o 
Dibasic lead phosphite - - - 10.0 
Hydiated silica - - * . 2O.O 
Dicumyl peroxide - - - - 3.0 
Stearic add ----- 0.5 70 

143.5 

. Tlie above ingredients are thor<»ig^y mixed 
on a water-cooled 2-roll toibber fflill 

The aromatic pclyamide fabric of Example 
I is base coated by dippit^ it in a 40% solu- 
tion of the above composition (except that the 
stearic acid is omittei} dissolved in methyl 
ethyl ketone, followed by forced drying. A 
total (dry basis) coating weight of 2 oz. per 
sq. yd. is deposited on botii sides of and 
witi]in the fabric. Then the base coated 
fabric is calender coated with the above 
calender coating composition on a three roll 
calender, whereby a coating weight of 6 
oz,/sq. yd. is applied to each side of the 
treated fabric. All three calender loUs are 
kept at a temperature of 180° F. 

The calender coated fabric is cured by the 
pressing and heating operations used in 
Example L When fully cured, die product 
is useful for making gaskets and diaphra^s 
which retain tiieir desirable properti® in the 
presence of hot aircraft fuds and hydraulic 
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Example V 95 

A high temperature gasket material resistant 
to corrosive liquids and gases is made by pre- 
paring a non-woven batt of poly(w-phenylene 
isophdialamide) 3.0 doiier staple fibres U to 
3 inches in length on a card. The non- 100 
woven batt from the card is needle punched 
to give it added strength, and is then dipped 
in the dip coating composition of Example 
IV, and passed through a hm zone to eamd 
the volatile solvent . - 105 

WHAT WE CLAIM-IS:— 
1. Heat stable cpat^ fabrics camprising an 
aromatic polyainide fabric having a coating 
(as hereinbefots defined) consisting essentially 
of a cured copolymer containing 30 to 70% 110 
by weight of vinylidene fluoride and 70 to 
30% by weight of hexafluoropropene, the 
aromatic polyamide of said fabric being a 
polymer made up mainly or substantially 
wholly of the structural imits 115 
H H O O 

N— Arr— N— C^Arr-G-- 
- wherein Ati and A12 are the same or different 
'divalent aromatic radicals in which the chain- 
extending bonds are attached to non-adjacent ■ 
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carboa aitoms in an aiomaitic xing;, and iliaiving 
an inherent vfccosity {(measured as herein- 
before defined) of at least 0.8 and a melting 
point of at least 300** C. 

5 2. Coated fabrics according to Claim 1, in 
which the aromatic pol3ramide is pol]/t)n- 
phenylene isophthalamide). 

3. Coated fabrics according to Qalm 1 or 
2, in which the fabric is woven. 

10 4. Coated^ products according to Qaim 1 
or 2, in which the fabric is non-woven. 

5. Heat stable coated fabrics according to 
Qaim 1 substantially as described in the 
foregoing examples. 

W 6. The method of maldng a heat stable 
coated fabric (as herebbefiore definoi), which 
cottiqjrises coating an aromatic polyamide fab- 
ric as in Qaim 1 with a composition consisting 
essentially of a copolymer containing 30 

20 70% by weight of vinyMene fiuoride and 70 
to 30% by weight of hexafluoropropene and 



a curing agen^ and heating the coated fabric 
at a temperature of at least 350*" F. for a 
period of time sufScient to cure the said com- 
positioiL 25 

7. The method of Oaim 6, wherein she 
curing operation includes a brief iniif t f^ ] press- 
ing cycle at 320*^—340^ F. and a pressure of 
40—70 iffii. 

8. The method of Qaim 6 or 7 in which SO 
±e aiomatic polyamide is poly(w-phenylene 
isophjhalamide). 

9. The method of any of Qmos 6 to 8 in 
which the fabric is woven. 

10. The method of any of Claims 6 to 7 S3< 
in whkh the fabric is non-woven. 

11. Hie method of maldng a heat stable 
fabric ac(X)iding to Claim 6, substantially as 
described in any of the foregoing examples. 

J. A. KEMP & CO., 
OSartered Patent Agents, 
9, Staple Inn, London, W.Cl. 
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